Sensory denervation most likely is the key factor to the multiple physiological derange ments that predispose paraplegic patients to recurrent decubitus ulceration. A sensory innervated plantar free flap offers the ability to provide soft tissue coverage and to regain sensory innervation of the ulcer prone area in patients with recurrent ulceration. We present a patient in which an innervated plantar free flap was used to restore sensation to the sacral area in a patient with recurrent ulceration.
Introduction
There are many factors which predispose paraplegic patients to decubitus ulcer formation. These include malnutrition, fecal incontinence, increased length of paralysis, social state of the patient, and smoking.l Denervation is associated with reduced soft tissue thickness,2 poorer wound healing3 and an inability to recognize excess pressure levels.l These factors com bine to lead to ulcer recurrence. Early series reported recurrence rates of 26% -45%, while a series of patients at a spinal cord specialty center still had, albeit reduced, an 11 % recurrence rate.4-6 The restoration of sensory innervation below the level of spinal cord injury which innervates these pressure prone areas would most likely prevent ulcer formation. Until the time when this becomes feasible, other methods of sensory restoration of the tissue used for ulcer closure must be entertained.
Case report

Materials and methods
The patient is a 47-year-old male TI2 paraplegic of 21 years duration. Multiple local rotation flaps had been performed for sacral, ischial and trochanteric ulcers. The patient presented with a 10 cm x 12 cm class IV sacral ulcer ( Figure  1 ). Sensation was intact at the T12 level. Prior to definitive wound closure, an ileal loop and colostomy were per formed. A plantar fillet free flap was harvested with the neurovascular pedicle divided at the tibio-peroneal bifurca tion (Figures 2, 3) . The leg was revised to a below the knee amputation. The TlO and TIl intercostal nerves were dissected distally to the abdominal wall sensory branches 
Results
The surgical course was without complications. The patient was discharged 2 weeks after surgery. The patient develSensory reinnervation flaps in paraplegia JA Goldberg et 01 Figure 4 The TlO and Tll intercostal nerves were neuro tized to the posterior tibial nerve Figure 5 Active bleeding from the posterior tibial nerve after microvascular anastomoses were completed oped sensation in the flap within 3 months. A burning pain occurred as a result of extended sacral pressure. This sensation was referred to the right anterior abdominal wall and groin areas. Once the patient was re-educated to interpret the anterior abdominal pain as sacral pressure, he was able to prevent excessive and prolonged sacral pressure.
At the 4 year follow-up, the patient demonstrated light touch, sharp pain, and deep pressure sensation of the plantar fillet free flap ( Figure 6 ). He lacked two point discrimination. Vibratory testing demonstrated recognition of both 30 and 256 cycles per second (Hertz) tuning forks. However, recognition of both was diminished from areas above the level of denervation. Biopsy demonstrated viable nerve fibers in the subdermal tissue. He has had no recurrent ulceration (Figure 7 ).
Discussion
Closure of decubitus ulcers can be performed with skin grafts, skin flaps, and muscle flaps. 3 -7 As sources of local tissue flaps are consumed, the lower extremity is Sensory reinnervation flaps in paraplegia JA Goldberg et af Figure 6 Sensibility testing 4 years after surgery Figure 7 Hematoxylin-eosin stain demonstrated viable nerve fibers in subdermal tissue sacrificed to create new tissue sources.8 The advent of microvascular surgical technique has led to new sources from which to obtain adequate tissue for ulcer closure.9,10
There are several described methods to provide sensate tissue flaps to sites of previous ulceration. 11 -13 Both Dibbell11 and Daniel12 relied on the transfer of skin innervated by the intercostal nerves. The disadvantages of these techniques included multiple stages for flap transfer, incremental sensory loss after each state and the small area of tissue that can be eventually transferred to the ulcer. Louis et al13 later described the transfer of the medial antebrachial cutaneous nerve to the lateral femoral cutaneous nerve to provide sensation to a tensor fascia lata flap for closure of an ischial ulcer. Coleman et al14 later transferred the intercostal nerves to the lateral femoral cutaneous nerve also to innervate a tensor fascia lata flap.
Our technique relies on a vascularized and innerv ated plantar fillet free flap. IS The posterior tibial nerve functioned as a vascularized nerve graft. The posterior tibial nerve was coapted to two intercostal nerves from above the spinal cord injury level. The intercostal nerves contain both motor and sensory axons.16 These nerves consist of approximately 55% -65% sensory axons at the paravertebral foramina level, and 70% sensory axons at the anterior axillary line. There is no set pattern of sensory fibers within the nerve so that a separate bundle can be identified. The lateral cuta neous nerve branch of the intercostal nerve contains approximately 1000-1500 axons of the 5500-8500 axons of the entire intercostal nerve. We divided the intercostal nerve distal to the origin of the lateral cutaneous nerve branch to obtain as many sensory axons of the nerve as possible.
The patient began to experience transferred sensa tion in his groin area within 3 months after surgery. He was unable to interpret this pain as to its connection with the sacral area. Therefore, we re-educated him to understand that the burning pain in his abdominal wall and groin meant that he needed to change his body position. The inability to accustom himself to the pain prevented further ulceration. Of note, two of four non-innervated plantar fillet free flaps in our unit developed recurrent ulceration. These patients subsequently underwent reconstruction by total thigh flaps. We are unable to draw solid conclusions regarding the long term hardiness of this flap in comparison with non-innervated flaps due to the fact that this is a case report. We are also unable to definitely state whether the recovered sensibility, or another trophic benefit of tissue innervation lead to the long term resistance to ulceration.
Conclusion
Decubitus ulcer recurrence occurs in a significant percentage of paraplegic patients. After local sources of tissue flaps are exhausted, other lower extremity ablative procedures are performed to provide new tissue sources. Microvascular surgical technique allows a greater number of options in these patients. We present a technique to provide sensory restoration to the dependent surfaces via a sensory reinnervated plantar fillet free flap. The described patient demon strated both subjective and objective evidence of sensory reinnervation of the free flap at a 4 year follow-up.
